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STATOR FOR ROTARY ELECTRIC
MACHINE AND METHOD FOR
MANUFACTURING THE STATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a stator for a rotary
clectric machine, including a stator core and a stator winding
provided to the stator core, which 1s configured by electri-
cally connecting a plurality of coil portions formed by
winding conductors around teeth to terminal members
through connecting wires of the coil portions, and a method
for manufacturing the stator.

2. Description of the Related Art

A rotary electric machine used as a driving source of
clectric automobiles and hybrid automobiles generally
includes a ring-shaped stator core which has a plurality of

teeth, each projecting 1n an inner-diameter direction, pro-
vided at constant intervals 1n a circumferential direction. A

coil portion formed by winding a conductor 1s mounted to
cach of the teeth of the stator core (for example, see Japanese
Patent No. 4340740).

For the stator as described above, the coil portions are
formed 1nto a unit in advance 1n accordance with the shapes
of the respective teeth so as to facilitate assembly. Then,
cach of the coil portions 1s mserted over a corresponding one
ol the teeth to manufacture the stator.

In this case, after the coil portions are respectively
inserted over the teeth, predetermined ones of the coil
portions are required to be electrically connected to each
other.

The coil portions are connected to each other by connect-
ing a connecting wire of a terminal member provided on the
outer diameter side of the stator core and a connecting wire
of each of the coil portions on the inner diameter side. Of the
two connecting wires, the connecting wire drawn from an
innermost diameter portion of a coil main-body portion of
the coil portion has a concave bent portion which 1s recessed
in a direction closer to an end surface of the stator core.

The stator for the rotary electric machine described in
Japanese Patent No. 4340740 includes the connecting wire
having the concave bent portion recessed in the direction
closer to the end surface of the stator core. On the inner
diameter side of the stator core, however, the connecting
wire bulges outward 1n an axial direction. Therefore, there 1s
a problem 1n that a space for the bulge 1s required to be
ensured on the end surface of the stator core.

Moreover, a portion of each of the coil portions on the
outer diameter side of the stator core 1s located at a high
position as compared with a portion of each of the coil
portions on the nner diameter side of the stator core. In
addition, the concave bent portion of the connecting wire 1s
formed on the outer diameter side of the stator core.

Therefore, 1n order to ensure an insulation property
between the connecting wires and the coil portions, an
insulating distance 1s required to be ensured on the outer
diameter side of the stator core, on which a potential 1s high.
On the 1nner diameter side of the stator core, on which the
connecting wire necessarily bulges outward in the axial
direction, the nsulating distance becomes longer than
needed. Therefore, there 1s a problem 1n that the space for
providing the connecting wire 1s required to be increased on
the end surface of the stator core.

SUMMARY OF THE INVENTION

The present invention has been made to solve the prob-
lems described above and therefore, has an object to provide
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2

a stator for a rotary electric machine, which 1s capable of
reducing a space on an end surface of a stator core on an
inner diameter side to reduce a size 1n an axial direction to
realize a compact size by maintaining an insulating distance
corresponding to a potential difference, and a method for
manufacturing the stator.

According to an exemplary embodiment of the present
invention, there 1s provided a stator for a rotary electric
machine, including: a stator for a rotary electric machine,
comprising: a stator core having a hollow cylindrical shape,
including a plurality of slots formed along a circumierential
direction by a plurality of teeth, each having a distal end
portion projecting to an inner diameter side; and a stator
winding provided to the stator core, including a plurality of
coil portions, each including a conductor wound around
cach of the plurality of teeth, electrically connected to each
other through terminal members provided on an outer diam-
eter side of an end surface of the stator core. Each of the
plurality of coil portions includes: a coil main-body portion;
a first connecting wire drawn from an outermost diameter
portion of the coil main-body portion; and a second con-
necting wire drawn from an mnermost diameter portion of
the coill main-body portion. The first connecting wire
includes a first connecting-wire end portion connected to
one terminal-member end portion of a corresponding one of
the terminal members. The second connecting wire includes
a {irst bent portion formed by bending the second connecting
wire outward 1n a radial direction of the stator core and a
second connecting-wire end portion connected to another
terminal-member end portion of the corresponding one of
the terminal members. The second connecting wire 1s con-
figured so that a differential value of a length z 1n an axial
direction of the stator (provided that an axially outward
direction 1s a +-direction) to a length r 1n a radial direction
of the stator (provided that a radially outward direction 1s a
+-direction) 1s Az/Ar=0.

According to the stator for a rotary electric machine of the
present invention, the msulating distance 1n accordance with
the potential difference 1s ensured between the second
connecting wire drawn from the innermost diameter portion
of the coil main body portion and the coil main-body
portion. As a result, the eflects of reducing the space on the
end surface of the stator core on the inner diameter side to
reduce the size 1n the axial direction to realize a compact size
can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partial plan view illustrating a stator for an
clectric motor which 1s a rotary electric machine, according
to a first embodiment of the present imnvention;

FIG. 2 1s a partial front view illustrating the stator
illustrated 1n FIG. 1 as viewed from a direction indicated by
the arrow A;

FIG. 3 1s a sectional view taken along the line III-III
illustrated 1n FIG. 1 as viewed from a direction indicated by
the arrows;

FIG. 4 1s a sectional view taken along the line IV-IV
illustrated in FIG. 1 as viewed from a direction indicated by
the arrows;

FIG. 5 1s a diagram 1illustrating the relationship between
a potential difference and an electric field intensity between
a second connecting wire and the coil end CE of the coil
main-body portion, and the position 1n the radial direction of
the stator (position in the R-direction), of a conventional
example;
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FIG. 6 1s a diagram 1illustrating the relationship between
the potential difference and the electric field intensity
between the second connecting wire and the coil end CE of
the coil main-body portion, and the position in the radial
direction of the stator (position in the R-direction) according
to this embodiment:

FIG. 7 1s a side view 1llustrating the coil portion 1n the
middle of a manufacturing process;

FI1G. 8 15 a front view of the coil portion 1llustrated 1n FIG.
7.

FIG. 9 1s a side view of the coil portion when the coil
portion 1s to be inserted over a corresponding one of the
teeth;

FIG. 10. 1s a front view illustrating the coil portion
illustrated 1n FIG. 9;

FI1G. 11 1s a sectional side view 1llustrating a principal part
of the stator according to a second embodiment of the
present mvention;

FIG. 12 1s a diagram 1llustrating the relationship between
the potential difference and the electric field intensity
between the second connecting wire and the coil end CE of
the coil main-body portion illustrated 1 FIG. 11, and the
position 1n the radial direction of the stator (position 1n the
R-direction);

FIG. 13 1s a side view 1llustrating the coil portion 1n the
middle of the manufacturing process;

FI1G. 14 1s a sectional view illustrating a principal part of

the stator according to a third embodiment of the present
invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

Hereinafter, a stator for an electric motor according to
cach of embodiments of the present invention 1s described
referring to the accompanying drawings. In the drawings,
the same or equivalent members or parts are denoted by the
same reference symbols for description.

FIG. 1 1s a partial plan view illustrating a stator 10 for an
clectric motor which 1s a rotary electric machine, according
to a first embodiment of the present invention, FIG. 2 1s a
partial front view illustrating the stator 10 1llustrated 1n FIG.
1 as viewed from a direction indicated by the arrow A, FIG.
3 1s a sectional view taken along the line III-III 1llustrated 1n
FIG. 1 as viewed from a direction indicated by the arrows,
and FIG. 4 1s a sectional view taken along the line IV-IV

illustrated in FIG. 1 as viewed from a direction indicated by
the arrows.

The stator 10 includes a stator core 11 and a stator
winding 20. The stator core 11 has a hollow cylindrical
shape and 1s formed by laminating a plurality of magnetic
steel plates. The stator winding 20 1s mounted to the stator
core 11.

The stator core 11 includes stator-core pieces 11A
obtained by dividing the stator core 11 into a plurality of
pieces 1 a circumierential direction. The stator core 11
includes yoke portions 12 and a plurality of teeth 13. The
plurality of teeth 13 are formed at equal intervals along the
circumierential direction so that distal ends project from the
yoke portions 12 to the mner diameter side to form slots 14
therebetween.

The stator core 11 1s formed by connecting the adjacent
stator-core pieces 11 A to each other by welding.

The stator winding 20 includes coil portions having the
respective phases, each being formed by winding a conduc-
tor around each of the teeth 13, and a wire-connection plate
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30 provided on one end surface of the stator core 11 on the
outer diameter side, which electrically connects the coil
portions to each other.

Each of the coil portions having the respective phases
includes a coil main-body portion 21, a first connecting wire
22, and a second connecting wire 23. The first connecting
wire 22 1s drawn from the coil main-body portion 21 on the
outer diameter side of the stator 10. The second connecting
wire 23 1s drawn from the inner diameter side of the stator
10.

As can be seen from FIGS. 3 and 4, each of the conductors
has a rectangular cross section.

Each of the coil portions 1s a so-called edgewise coil
which 1s formed by spirally winding the conductor so that
one of short sides of the rectangular cross section of the
conductor 1s located on the inner side and a pair of long sides
becomes perpendicular to an axis of winding (radial direc-
tion of the stator core 11).

Each of the coil portions 1s formed by winding the
conductor so that a diameter of the coil portion becomes
gradually smaller from the outer diameter side to the mnner
diameter side 1n accordance with a shape of each of the teeth
13, which 1s tapered toward a distal end.

Moreover, the coil main-body portion 21 of each of the
coil portions includes the conductor wound on a correspond-
ing one of the teeth 13 in a single layer.

The coil portions may be assembled to the stator core 11
in a stage 1 which the stator core 11 1s i the form of the
stator core pieces 11A. Alternatively, after the adjacent stator
core pieces 11A are connected to each other by welding to
be formed into the ring-like shape, each of the coil portions
may be assembled to a corresponding one of the teeth 13
from the inner diameter side of the stator core 11.

The wire-connection plate 30 includes an 1nsulating case
31 including a U-phase groove, a W-phase groove, a V-phase
groove, and a neutral-point groove, and a U-phase terminal
member 32A, a V-phase terminal member 32B, a W-phase
terminal member 32C, and a neutral-point terminal member
32D which are to be inserted into the respective grooves.
The mnsulating case 31 1s formed to have a ring-like shape
along the entire circumierence of the end surface of the
stator core 11 on one side. Each of the terminal members
32A, 328, 32C, and 32D 1s formed of an elongated plate-like
conductive material.

The terminal member 32A includes a terminal-member
main body portion 33 A inserted mto a corresponding one of
the grooves of the 1msulating case 31, terminal-member end
portions 34 A formed on both ends, and a connection portion
35A for connecting the terminal-member end portions 34A
and the terminal member main-body portion 33A to each
other. Similarly, the terminal member 32B includes a ter-
minal-member main body portion 33B, terminal-member
end portions 34B, and a connection portion 35B, the termi-
nal member 32C includes a terminal-member main body
portion 33C, terminal-member end portions 34C, and a
connection portion 35C, and the terminal member 32D
includes a terminal-member main body portion 33D, termi-
nal-member end portions 34D, and a connection portion
35D.

The terminal-member end portions 34A, 348, 34C, and
34D are clectrically connected to first connecting-wire end
portions 22A of the first connecting wires 22 of the coil
portions and second connecting-wire end portions 23A of
second connecting wires 23 of the coil portions. Moreover,
as can be seen from FIGS. 3 and 4, the terminal-member end
portions 34A, 34B, 34C, and 34D are located on the inner

diameter side of the insulating case 31.
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The coil portions having the respective phases are elec-
trically connected 1n parallel and 1n a Y-connection configu-
ration.

As 1llustrated 1n FIG. 3, each of the second connecting
wires 23 drawn from the mner diameter side of the stator
core 11 projects from an inner-diameter side end portion of
the coil portion main-body portion 21 outward in an axial
direction of the stator core 11. The second connecting wire
23 1s bent at a first bent portion 24 toward the outer diameter
side of the stator core 11, subsequently extends outward
obliquely 1n the radial direction of the stator core 11, and 1s
turther bent outward 1n the axial direction of the stator core
11 at a second bent portion 25. At the first bent portion 24
and the second bent portion 25, the long sides of the cross
section of the conductor are bent.

Here, the long sides of the cross section of the conductor
are bent at the first bent portion 24 and the second bent
portion 25. Therefore, a force required for the bending 1s
small, thereby providing good productivity.

Moreover, a stress applied to the conductor 1s advanta-
geously small. Therefore, high reliability 1s provided.

Further, a difference 1in curvature i1s small between the
inner side and the outer side of each of the bent portions 24
and 25, thereby having less peel off of an msulating coating
of the conductor. Therefore, high reliability 1s provided.

Further, the conductor has the rectangular end surface. As
compared with a conductor having a circular cross section,
which 1s wound with the same number of turns, a sectional
area of the conductor can be increased while clearances
between the conductors and between the conductor and the
teeth 13 can be reduced. Therefore, the amount of heat
generation of the conductor with respect to the same current
can be reduced to improve heat-radiation performance to the
stator core 11. As a result, cooling performance for the
clectric motor can be improved.

The second connecting-wire end potions 23A of the
second connecting wires 23 are superimposed so as to be
held in surface contact with the terminal-member end por-
tions 34A, 34B, 34C, and 34D of the respective terminal
members 32A, 32B, 32C, and 32D, which extend in the
same direction as the second connecting-wire end portions
23A, m a state 1n which the second connecting-wire end
portions 23 A extend 1n a direction away from the end surface
of the stator core 11 1n the axial direction. Then, each of the
second connecting-wire end portions 23A 1s connected by
welding to a corresponding one of the one terminal-member
end portions 34A, 34B, 34C, and 34D at a second bonded
portion 51.

As described above, the second connecting-wire end
portions 23A of the second connecting wires 23 drawn from
the inner diameter side of the stator core 11 are held in
surface contact with the one terminal-member end portions
34 A, 348, 34C, and 34D of the terminal members 32A, 32B,
32C, and 32D. Accordingly, the connection 1s facilitated to
improve the productivity. In addition, the second connecting
wires 23 and the terminal members 32A, 32B, 32C, and 32D
can be bonded to each other by welding at the second
bonded portion 51.

Each of the second connecting wires 23 drawn from the
inner diameter side of the stator core 11 includes the first
bent portion 24 and the second bent portion 25. The second
connecting wires 23 are respectively connected to the ter-
minal members 32A, 32B, 32C, and 32D. Therefore, the
stress generated 1n the second bonded portions 51, 1n which
the terminal-member end portions 34 A, 348, 34C, and 34D
and the second connecting-wire end portions 23A of the
second connecting wires 23 of the coil portions are con-
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nected, due to vibrations and thermal shock, can be reduced.
Therefore, the reliability and durability of the electric motor
are 1mproved.

Moreover, each of the connecting wires 23 1s configured
so that a clearance T from a coil end CE of the coil
main-body portion 21 becomes larger toward the outer
diameter side of the stator core 11.

Specifically, each of the second connecting wires 23 1s
configured so that a differential value of a length (z) of the
second connecting wire 23 in the axial direction of the stator
10 to a length (r) of the second connecting wire 23 1n the
radial direction of the stator 10 becomes: Az/Ar>0.

Here, when the radial direction of the stator core 11 1s an
R-axis and the axial direction of the stator core 11 1s a
Z-axis, the radial direction of the stator core 11 toward the
outer diameter side 1s defined as a +R-direction and the axial
direction of the stator core 11 away from the end surface of
the stator core 11 1s defined as a +Z-direction.

FIG. 5 1s a diagram 1illustrating the relationship between
a potential difference and an electric field intensity between
a second connecting wire 123 and the coil end CE of the coil
main-body portion 21, and the position 1n the radial direction
of the stator 10 (position 1n the R-direction), of a conven-
tional example.

FIG. 6 1s a diagram 1illustrating the relationship between
the potential diflerence and the electric field intensity
between the second connecting wire 23 and the coil end CE
of the coil main-body portion 21, and the position in the
radial direction of the stator 10 (position 1n the R-direction)
according to this embodiment.

Here, the electric field intensity 1s a value obtained by
dividing the potential difference by the distance between the
second connecting wire 123 and the coil main-body portion
21 1n the Z direction at a point at which the positions in the
R-direction are the same.

In the case of the second connecting wire 23 1llustrated 1n
FIG. 6, the electric field intensity proportionally increases
toward the outer side 1n the radial direction within a region
of the coil main-body portion 21.

The potential of the second connecting wire 123 in the
conventional example 1s approximately the same as that 1n
an innermost-diameter portion of the coil main-body portion
21. However, the potential difference between the second
connecting wire 123 and the coil main-body portion 21
becomes larger as the position on the second connecting
wire 123 moves toward the outer diameter side (+R-direc-
tion).

The second connecting wire 123 includes a concave bent
portion 124 which 1s recessed 1n a direction closer to the end
surface of the stator core 11. At the concave bent portion
124, the potential difference between the second connecting
wire 123 and a portion of the coil main-body portion 21 on
the outermost diameter side becomes maximum. In addition,
at the bent portion 124, the second connecting wire 123 has
the smallest distance from the coil main-body portion 21.

Therefore, 1n order to ensure an allowable dielectric
breakdown strength between the second connecting wire
123 and the outermost-diameter portion of the coil main-
body portion 21, 1t 1s necessary to ensure a predetermined or
longer distance between the bent portion 124 of the second
connecting wire 123 and the coil end CE.

Therefore, although a sufliciently large allowable dielec-
tric breakdown strength i1s provided between the second
connecting wire 123 and the portion of the coi1l main-body
portion 21 on the inner diameter side, the second connecting
wire 123 bulges outward in the axial direction of the stator

10.




US 9,577,498 B2

7

On the other hand, in the case of the stator 10 of this
embodiment, each of the connecting wires 23 1s configured
so that the differential value of the length (z) of the second
connecting wire 23 1n the axial direction of the stator 10 to
the length (r) of the second connecting wire 23 1n the radial
direction of the stator 10 becomes: Az/Ar>0.

Therefore, the potential difference between the second
connecting wire 23 and the outermost-diameter portion of
the coill main-body portion 21 becomes maximum. How-
ever, 11 the distance between the second bent portion 25 of
the second comnecting wire 23 and the coil main-body
portion 21 1s ensured so as to achieve the allowable dielec-
tric breakdown strength, the electric field intensity between
the second connecting wire 23 and the coil main-body
portion 21 becomes smaller toward the inner diameter side
of the coil-main body portion 21. Accordingly, the allowable
dielectric breakdown strength can be ensured even between
the second bent portion 25 and the first bent portion 24.

Specifically, i comparison with the conventional
example, the second connecting wire 23 can be provided so
as to be located closer to the coil main-body portion 21.
Theretore, the second connecting wire 23 can be prevented
from interfering with, for example, a component such as a
magnetic-pole position detection sensor, which 1s provided
on the outer side of the stator 10 1n the radial direction (1n
a space S 1illustrated in FIG. 3).

Moreover, the second connecting wire 23 includes the
first bent portion 24 which 1s formed at the position away
from the mnermost diameter portion of the coil main-body
portion 21 in the direction vertical to the end surface of the
stator core 11. Therelore, the second connecting wire 23 can
be prevented from interfering with a corner portion 26 at
which the end surface of the coil end CE and the inner
diameter surface of the coil main-body portion 21 intersect.

Moreover, first connecting-wire end portions 22A pro-
vided at the distal ends of the first connecting wires 22,
which are linearly drawn outward from the outermost diam-
eter portions of the coil portions 1n the axial direction of the
stator core 11, are superimposed on the another terminal-
member end portions 34A, 348, 34C, and 34D which extend
in the same direction as the first connecting wires 22. The
first connecting-wire end portions 22A of the first connect-
ing wires 22 and the another terminal-member end portions
34 A, 34B, 34C, and 34D are connected by welding at first
bonded portions 50.

The first bonded portions 50, 1n which the first connect-
ing-wire end portions 22A of the first connecting wires 22
and the one terminal-member end portions 34A, 348, 34C,
and 34D are connected, and the second bonded portions 51,
in which the second connecting-wire end portions 23 A of the
second connecting wires 23 and the another terminal-mem-
ber end portions 34A, 34B, 34C, and 34D are connected, are
provided on approximately the same circumierence, as can
be seen from FIG. 1.

As described above, by providing the bonded portions 50
and 51 on approximately the same circumierence, the first
connecting wires 22 and the second connecting wires 23,
and the terminal-member end portions 34A, 34B, 34C, and
34D can be bonded by rotating the stator 10 about the axis
line of the stator 10. As a result, the productivity is
improved.

When the electric motor 1s set to have specifications for a
large output and high-speed rotation, it 1s generally neces-
sary to reduce the number of turns of the conductor and to
allow a large current at several hundreds of amperes to tlow.
Theretfore, when the coil portions inserted over the respec-
tive teeth are connected in series, the stator winding 1s
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required to be formed of a thick conductor having a large
cross section. Thus, it 1s diflicult to process the windings.

On the other hand, 1n this embodiment, the coil portions
having the respective phases are electrically connected in
parallel. Therefore, the sectional area of the conductor can
be reduced. Thus, good workability for the coil portions 1s
provided.

Moreover, when the thick conductor 1s used to be wound
in a large number of layers, the clearance between the layers
becomes large, thereby lowering the heat-radiation property
of the coil portions.

On the other hand, 1n this embodiment, the conductor 1s
spirally wound around each of the teeth 13 i the single
layer. Therefore, no clearance 1s formed between the layers.
As a result, the heat-radiation property of the coil portion to
the periphery 1s improved, thereby improving the cooling
performance for the electric motor.

Moreover, the coil portions inserted over the respective
teeth 13 are connected in parallel. Further, the conductor 1s
wound around each of the teeth 13 1n the single layer.
Theretfore, the potential diflerence between the mner diam-
cter side and the outer diameter side of each of the coil
portions becomes larger.

In this embodiment, each of the connecting wires 23 1s
configured so that the differential value of the length (z) of
the second connecting wire 23 in the axial direction of the
stator 10 to the length (r) of the second connecting wire 23
in the radial direction of the stator 10 becomes: Az/Ar>0.
The eflects obtained by the configuration as described
above, for ensuring the space on the inner diameter side of
the coil end CE and on the outside 1n the axial direction
while keeping the dielectric distance corresponding to the
potential difference, become greater. Therefore, the above-
mentioned configuration 1s suitable.

As can be understood from the description given above,
the electric motor 1including the stator 10 according to this
embodiment can be designed to have the specifications for
a large output and high-speed rotation.

Next, a method for manufacturing the coil portions, each
having the above-mentioned configuration, 1s described.

FIG. 7 1s a side view illustrating the coil portion in the
middle of a manufacturing process, FIG. 8 1s a front view of
the coil portion illustrated 1n FIG. 7, FIG. 9 1s a side view
ol the coil portion when the coil portion 1s to be inserted over
a corresponding one of the teeth 13, and FIG. 10. 1s a front
view 1llustrating the coil portion illustrated 1n FIG. 9.

First, the end of the conductor having the rectangular
cross section 1s bent so as to form the second connecting
wire 23 having the first bent portion 24 and the second bent
portion 25.

Thereatter, the conductor 1s spirally wound with one of
the short sides being located on the inner side to form the
coil main-body portion 21.

As the final step, the conductor 1s plastically deformed 1n
a direction indicated by the arrow B shown 1n FIG. 10 with
one of the short sides being located on the inner side. As a
result, the coil portion to be inserted over each of the teeth
13 so that the second connecting wire 23 extends so as to be
overlapped with the coil main-body portion 21 in the axial
direction and the first connecting-wire end portion 22A of
the first connecting wire 22 and the second connecting-wire
end portion 23 A of the second connecting wire 23 extend 1n
the same direction 1s formed.

The second bent portion 25 may be formed after the
formation of the coil main-body portion 21.

In this embodiment, before the coil portion 1s nserted
over each of the teeth 13 of the stator core 11, the coil portion
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1s bent so that the co1l main-body portion 21 and the second
connecting wire 23 overlap with each other as viewed from

the radial direction.

Theretfore, a step of bending the second connecting wire
23 drawn from the inner diameter side of the stator core 11
to the outer diameter side after the coil main-body portion 21
1s 1nserted over each of the teeth 13 of the stator core 11 1s
not required. In addition, a space for installing a tool for
bending the second connecting wire 23 to the outer diameter
side 1s not required, thereby improving the productivity.

Moreover, the end portions 23 A of the second connecting,
wires 23 to be connected to the terminal-member end
portions 34A, 34B, 34C, and 34D can be easily located at
predetermined positions.

Further, when the second connecting-wire end portions
23A of the second connecting wires 23 and the terminal-
member end portions 34A, 348, 34C, and 34D are bonded
by welding, the stress generated by springback of the second
connecting wires 23 1s not applied to the terminal-member
end portions 34A, 34B, 34C, and 34D. Therefore, a prede-
termined strength 1s ensured at the second bonded portion
51. As a result, the reliability and durability of the electric
motor are improved.

Further, the first bent portion 24 and the second bent
portion 25 of each of the second connecting wires 23 are
previously formed before the coil portion 1s inserted over
cach of the teeth 13 of the stator core 11. Therefore, during
the step of forming the first bent portion 24 and the second
bent portion 235, each of the second connecting wires 23 does
not interfere with the first connecting wire 22. Therefore, the
manufacturing of the coil portions 1s easy.

Second Embodiment

FI1G. 11 1s a sectional side view 1llustrating a principal part
of the stator 10 according to a second embodiment of the
present mvention, and FIG. 12 1s a diagram 1llustrating the
relationship between the potential difference and the electric
field intensity between the second connecting wire 23 and
the coil end CE of the coil main-body portion 21 1illustrated
in FIG. 11 and the position in the radial direction of the stator
10 (position in the R-direction).

In this embodiment, each of the second connecting wires
23 includes a third bent portion 27 formed between the first
bent portion 24 and the second bent portion 23.

The first bent portion 24 i1s bent so that a portion of the
second connecting wire 23 between the first bent portion 24
and the third bent portion 27 has approximately the same
height based on the end surface of the stator core 11 as a
reference.

The third bent portion 27 1s configured so that the clear-
ance T between the third bent portion 27 and the coil end CE
of the coil main-body portion 21 become larger along a
portion of the second connecting wire 23 from the third bent
portion 27 to the second bent portion 25.

The remaining configuration 1s the same as that of the
stator 10 of the first embodiment.

In this embodiment, each of the second connecting wires
23 1s configured so that a differential value of the length (z)
in the axial direction of the stator 10 to the length (r) in the
radial direction of the stator 10 becomes Az/Ar=0 for the
portion between the first bent portion 24 and the third bent
portion 27 and the differential value becomes Az/Ar>0 for
the portion between the third bent portion 27 and the second
bent portion 25.

In the case where Az/Ar=0 1s satisfied, the potential
difference between the coil main-body portion 21 and the
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second connecting wire 23 become larger toward the outer
diameter side of the stator 10. Therefore, 1f the clearance T
between the second connecting wire 23 and the coil end CE
of the coil main-body portion 21 1s not set sutliciently large,
the electric field intensity adversely exceeds the allowable
dielectric breakdown strength on the outer diameter side of
the coil main-body portion 21 as indicated by the two-dot
chain line shown in FIG. 12.

The electric field intensity between the portion of the
second connecting wire 23 located between the first bent
portion 24 and the third bent portion 27 and the coil
main-body portion 21 increases with an increase in the
potential difference between the coil main-body portion 21
and the second connecting wire 23.

On the other hand, the clearance T between the portion of
the second connecting wire 23 located between the third
bent portion 27 and the second bent portion 25 and the
second connecting wire 23 and the coil end CE of the coil
main-body portion 21 1s configured to be larger. Therelore,
a gradient of the increase in the electric field between the
portion of the second connecting wire 23 between the third
bent portion 27 and the second bent portion 25 and the coil
main-body portion 21 becomes smaller than that between
the first bent portion 23 and the third bent portion 27.

In this embodiment, the distance between the second
connecting wire 23 and the coil end CE of the coi1l main-
body portion 21 1s ensured so that the electric field intensity
between the second connecting wire 23 and the outer
diameter side of the coil main-body portion 21 satisfies the
allowable dielectric breakdown strength. The second con-
necting wire 23 1s provided so that the third bent portion 27
1s located lower than the second bent portion 25 based on the
end surface of the stator core 11 as the reference.

Moreover, the portion of the second connecting wire 23
located between the first bent portion 24 and the third bent
portion 27 1s configured so as to be located at approximately
the same height based on the end surface of the stator core
11 as the reference. Therefore, the space on the inner
diameter side of the second connecting wire 23 and on the
outer side 1n the radial direction increases as compared with
the stator 10 according to the first embodiment.

FIG. 13 1s a side view 1llustrating the coil portion 1n the
middle of the manufacturing process.

In the second embodiment, the portion of the second
connecting wire 23 between the first bent portion 24 and the
third bent portion 27 1s bent at the first bent portion 24 so as
to have approximately the same height based on the end
surface of the stator core 11 as the reference. Specifically, the
second connecting wire 23 1s bent at about 90 degrees at the
first bent portion 24.

When the first bent portion 24 1s manufactured by bending,
the second connecting wire 23 at about 90 degrees, the
second connecting wire 23 1s bent toward the coil main-body
portion 21 at the first bent portion 24 so that a bending angle
o. at the time of a bending process (while a tool 60 for
bending process 1s held 1n contact with the second connect-
ing wire 23) becomes acute, that 1s, 90 degrees or smaller,
and then the bending angle becomes approximately 90
degrees by springback of the first bent portion 24 at the time
of completion of the bending process (after the tool 60 for
bending process moves away from the coil).

When the first bent portion 24 i1s configured with the
bending angle of 90 degrees, the second connecting wire 23
1s required to be bent so that the bending angle o of the
second connecting wire 23 becomes acute, that 1s, 90
degrees or smaller while the tool 60 for bending process 1s
held 1n contact with the second connecting wire 23 because
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of the springback of the second connecting wire 23 (in
particular, when the second connecting wire 23 to be bent
has a large sectional area).

When the first bent portion 24 1s desired to be formed at
the bending angle of 90 degrees after the coil portion 1s
inserted over each of the teeth 13 of the stator core 11, the
distance for allowing the second connecting wire 23 to be
bent from the coil end CE at the acute angle of 90 degrees
or smaller 1s required. Therefore, 1t 1s necessary to ensure the
space for providing the second connecting wire 23 on the
inner diameter side of the coil end CE on the outer side 1n
the axial direction.

In the second embodiment, however, the second connect-
ing wire 23 1s bent toward the coil main-body portion 21 1n
the middle of the manufacturing process of the coil portion.
Therefore, even 1f the bending angle ¢ at the time of the
bending process (while the tool 60 for bending process 1s
held 1n contact with the second connecting wire 23) 1s set to
be acute, that 1s, 90 degrees or smaller, for the first bent
portion 24 of the second connecting wire 23, the first bent
portion 24 does not mtertere with the coil end CE. Accord-
ingly, the second connecting wire 24 1s not required to be
located at a distance from the coil end CE.

Thus, the space on the inner diameter side of the coil end
CE on the outer side 1n the axial direction 1s not required to

be ensured. Therefore, the height of the second connecting
wire 23 present on the inner diameter side of the stator core

11 on the outer side 1in the axial direction of the coil end CE
based on the end surface of the stator core 11 as the reference

can be reduced.

Third Embodiment

FI1G. 14 1s a sectional view illustrating a principal part of
the stator 10 according to a third embodiment of the present
invention.

In the third embodiment, the first connecting wire 22
drawn from the outer diameter side of the stator core 11
projects from the outer-diameter side end portion of the coil
main-body portion 21 outward in the axial direction of the
stator core 11. The first connecting wire 22 1s then bent to the
outer diameter side of the stator core 11 at a first bent portion
28, then extends outward 1n the radial direction of the stator
core 11, and 1s bent again outward 1n the axial direction of
the stator core 11 at a second bent portion 29.

The remaining configuration 1s the same as that of the
stator 10 according to the first embodiment.

In the third embodiment, the first connecting wire 22 1s
also provided with the first bent portion 28 and the second
bent portion 29 so that the first connecting wire 22 1s formed
to have a crank-like shape. As a result, a stress, which 1s
generated 1n first bonded portions 50, in which the first
connecting-wire end portions 22A of the first connecting
wires 22 and the terminal-member end portions 34A, 34B,
34C, and 34D are connected, due to vibrations or a thermal
shock, can be reduced. Therefore, the reliability and dura-
bility of the electric motor are further improved.

In each of the embodiments described above, the electric
motor has been described as a rotary electric machine.
However, the present invention 1s also applicable to a power
generator which 1s a rotary electric machine.

Further, although the coil portion having each of the
phases, which constitutes the stator winding 20, 1s formed by
winding the conductor 1n a concentrated fashion, the coil
portion may be formed by winding the conductor i a
distributed fashion.
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Further, although the coil portions having the respective
phases are electrically connected to each other 1n the Y-con-
nection configuration, the stator winding may be formed by
clectrically connecting the coil portions having the respec-
tive phases to each other 1n a A-connection configuration.

Further, the sectional shape of the conductor 1s not limited
to the rectangle.

What 1s claimed 1s:

1. A stator for a rotary electric machine, comprising:

a stator core having a hollow cylindrical shape, including
a plurality of slots formed along a circumierential
direction by a plurality of teeth, each having a distal
end portion projecting to an mner diameter side; and

a stator winding provided to the stator core, including a
plurality of coil portions, each including a conductor
wound around each tooth of the plurality of teeth,
clectrically connected to each other through terminal
members provided on an outer diameter side of an end
surface of the stator core, wherein:

cach coil portion of the plurality of coil portions includes:
a coil main-body portion; a first connecting wire drawn

from an outermost diameter portion of the coil main-

body portion; and a second connecting wire drawn
from an mnermost diameter portion of the coil main-
body portion;

the first connecting wire includes a first connecting-wire

end portion connected to one terminal-member end
portion of a corresponding one of the terminal mem-
bers;

the second connecting wire includes a first bent portion

formed by bending the second connecting wire outward
in a radial direction of the stator core and a second
connecting-wire end portion connected to another ter-
minal-member end portion of the corresponding one of
the terminal members; and

the second connecting wire 1s configured so that a difler-

ential value of a length z 1n an axial direction of the
stator, provided that an axially outward direction 1s a
+-direction, to a length r 1n a radial direction of the
stator, provided that a radially outward direction 1s a
+-direction, 1s Az/Ar>0,

wherein an electric field intensity between the second

connecting wire and a coil end of a coil main-body
portion proportionally increases toward the outer side
in the radial direction within a region of the coil
main-body portion,

wherein the second connecting wire has a linearly

inclined portion extending from the first bent portion to
a second bent portion located at the second connecting-
wire end portion, the linear inclined portion extending
over the entire axial direction of the coil main-body
portion.

2. The stator for a rotary electric machine according to
claim 1, wherein:

the plurality of coil portions 1n the same phase are

connected 1n parallel to each other through the terminal
members; and

the each coil portion of the plurality of coil portions is

formed by spirally winding the conductor around a
corresponding one of the plurality of teeth in a single
layer.

3. The stator for a rotary electric machine according to
claim 1, wherein the conductor has a rectangular sectional
shape and 1s wound with one of short sides of a cross section
of the conductor being located on an inner side so that a pair
of long sides becomes vertical to an axis of winding.
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4. The stator for a rotary electric machine according to
claim 1, wherein the first bent portion of the second con-
necting wire 1s formed at a position away from an outermost
circumierential surface of the coil main-body portion 1n the
radial direction and 1s formed at a position lower than a
second bonded portion, 1n which the second connecting-wire
end portion of the second connecting wire and a correspond-
ing one of the terminal-member end portions of the terminal
members are bonded, based on the end surface of the stator
core as a reference.

5. The stator for a rotary electric machine according to
claim 1, wherein the first connecting wire extends outward
along an axial direction of the stator core and has a crank-
like shape with the first bent portion and the second bent
portion formed 1n a middle part.

6. The stator for a rotary electric machine according to
claim 1, wherein the first connecting-wire end portion, the
second connecting-wire end portion, and both the terminal-
member end portions of each of the terminal members all
extend along the axial direction of the stator core.

7. The stator for a rotary electric machine according to
claim 1, wherein a first bonded portion, 1n which the first
connecting-wire end portion of the first connecting wire and
the terminal-member end portions of each of the terminal
members are bonded, and a second bonded portion, in which
the second connecting-wire end portion of the second con-
necting wire and the terminal-member end portions of each
of the terminal members are bonded, are located on a
circumierence.
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